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THE  INFLUENCE  OF  VARIOUS  ORGANS  ON  THE 
CATALYTIC  ACTIVITY  OF  THE  BLOOD3 
BY M.  C.  WINTERNITZ  AND J.  P.  PRATT. 
(From  the  Pathological  Laboratory  of  Johns  Hopkins  University.) 
The  object  of  this  work  has  been  to  study  the  influence  which 
various  organs  exert  on  the  catalytic  activity  of  the  blood.  This 
has  seemed essential  since the  knowledge thereby gained  will  assist 
materially  in  interpreting  the  results  obtained  by the  clinical  appli- 
cation  of  the  test. 
Literature.--The  only researches  we have been able to find  con- 
cerning  the effect of removal of various  organs  on catalase  are  the 
isolated  ones  of  Battelli  and  Stern. 2  After  bilateral  nephrectomy, 
they  found  that  there  was  no  change  in the  catalase  of the tissues 
at  death.  They also poisoned guinea-pigs  and  rats  with phosphor- 
ous  with  the  purpose  of producing  fatty degeneration  of  the  liver 
and  retarding  the  function  of that  organ.  They  found  that  there 
was  no  change  in  the  catalase  of  the  tissues  of  animals  that  had 
died acutely, but in  those animals  where the liver had undergone  a 
fatty  change,  the  liver  showed  a  marked  reduction  in  its  catalytic 
activity, while the other tissues, blood, kidney, spleen, muscle, brain, 
and  lung  all  showed an  increased  activity.  They  found  the  same 
augmentation,  though  to a  much less degree,  in the other tissues of 
the  frog after extirpation  of the  liver.  On  the basis  of this  work 
they  concluded  that  catalase  is  not  formed  in  a  single  organ,  but 
that  it  is produced by various tissues which have the power of sup- 
porting  each  other  in  preserving  the  high  catalytic  activity  of  the 
body; that it does not play an essential r61e in the special function of 
one  tissue,  but  that  it  fulfills  a  general  function  in  which  all  the 
organs  are  interested. 
While  we  have  been  unable  to  confirm  the  isolated  findings  of 
Battelli  and  Stern  concerning  the  catalase  of  the  blood  and  other 
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tissues  after  nephrectomy,  etc.,  their  theory,  with  certain  minor 
additions,  is  apparently  supported  by  the  results  which  follow. 
The Relation of the Kidney to the Catalytic Activity  o.f the Blood. 
--It  has been shown  previously that  as a  result  of unilateral  neph- 
rectomy in  rabbits  there  is  a  fall  in  the  catalase  of  the  blood;  this 
fall.  however,  is  only  temporary,  while  after  removal  of  both  kid- 
neys  the  catalase  of  the  blood  decreases  until  death  and  then  the 
power of the tissues to split hydrogen peroxide is likewise  found  to 
be  decreased.  The  same decrease  was  found  in  human  tissues  ob- 
tained  from  individuals  dead  of  uremia,  and  in  the  blood  and  tis- 
sues  of  animals  suffering  with  chronic  nephritis,  etc.  It  seemed, 
therefore,  that  the  decline  of  the  catalytic  activity  of  the  blood 
might  be  an  index  of  the  functional  suffÉciency  of  the  kidney. 
To  investigate  this  problem  further  we  have  in  several  instances 
repeatedly  removed  portions  of  both  kidneys  of  a  rabbit  to  deter- 
mine  if  possible whether  there  is  any change  in  the  catalase  of  the 
blood  if  only the  minimal  amount  of  functioning  kidney  substance 
necessary  to  prevent  the  succession  of  uremia  is  left. 
Rabbit No.  9.--In  four  successive  operations  the  whole  of the  right  kidney 
and  three-fourths  of  the  left  were  removed.  The  animal  died  about  four 
months after the  first  operation,  or a month after the  last.  At autopsy a piece 
of  renal  tissue  about  I  cm.  in  its  largest  diameter  was  found.  This  showed 
at  either  end  a  large healing  scar,  leaving  a  piece  of kidney which  represented 
approximately one-eighth  of the  original  amount  of  renal  tissue. 
The  urinary  findings  during  life  were  unimportant  except  that  following 
each  operation there  was  some  albumin  in  the  urine.  The cause  of  death  was 
unknown.  The  animal  had  gotten  lean  and  weak  during  the  last  two  weeks, 
but  the urine  remained  free of albumin  and  casts.  Fig.  I  represents  the  cata- 
lytic activity of the blood as determined in the first  fifteen  seconds ~ (solid dots), 
and  the  urine  in  cubic  centimeters  (hollow  dots). 
The  curve  (Fig.  I)  shows  that  while  there  may be  a  temporary 
fall  in  the  catalytic  activity  of  the  blood  after  total  or  partial 
nephrectomy,  this  fall  may  vary  within  wide  limits  (see  first  and 
fourth  operations);  that  following  the  fall  there  is  a  compensa- 
tory rise which  continues;  that  even a  small amount,  one-eighth  of 
the  original  kidney  substance,  if  actively  functioning,  is  sufficient 
to  keep  the  catalase  of  the  blood  at  a  high  level.  Therefore, 
3 The method previously described  was  employed (Winternitz, Jour. of E.vper. 
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clinically  with  cystic  kidneys,  hydronephrosis,  pyonephrosis  and 
even  with  small  contracted  kidneys  of  chronic  nephritis,  where 
there is enough active renal tissue remaining to perform the  func- 
tion of that organ, there will be no fall  in the catalytic activity of 
the blood. 
FIG.  I. 
The  Influence  of  the  Thyroid  on  the  Catalytic  Activity  of  the 
Blood.--The  experiments to be recorded here are divided into four 
groups :  (I)  Complete thyroidectomy.  (2)  Incomplete thyroidec- 
tomy.  (3)  Feeding of thyroid extract to animals whose thyroids 
have been completely removed.  (4)  Feeding of Thyroid to  nor- 
mal  animals. 
Rabbit  No.  23.--The  thyroid  was  completely  removed  and  the  animal,  a 
young  active  buck,  soon  began  to  show  the  usual  signs  of  thyroid  insufficiency. t18  Catalytic  Activity  of  the  Blood. 
[to  hccame  drowsy  and  fat,  and  his  coat  was  no  longer  smooth.  A  month  and 
a  half  after  operation  he  was  sacrificed  and  though  careful  search  was  made, 
no  thyroid  tissne  could  be  found. 
Fig.  2  represents  the  catalytic  activity  of  the  blood  as  determined  in  the 
first  iifteen  seconds. 
i  H--i  .........  H- 
:i: :7:_::i :i  :T:: :i: L  !---i----[ - 
,31o~  i  i  j  i  :  :  :,  ~  ;  =:  !  ~  ! .......  i-L-I  ....... 
1~7~ii-_-__L/~iT;iSZii721r;;iLCi7  i-S--i-i- r- i---i-r-!-i--i-i--- 
N_izi ~3~i~  _  i__L :_..i._  ILL_  17YZ2f21\LLCZCfZ27-__f; 
giZi___J_.i_i_~  i  ~  ~  ;  i  i  i  i  i  !  i  i  T  g  ~  7  ========================  :::::::::::::  ::::::::::::::::::::::::::::::::::::: 
~-],,~-i,  ,  ix~i?,  i  i  ,  7-i-i-i  ........  ~  i  i-  ---:~].--T'-',  ---~ ---'~ ..... ~--~,;  ~ ---r  ";--'!--'-t'"1--",'----~  -  "T--,-'";'--~----t  ........  ~ --  i--  * ....  qi 
21ZL1212iiT-_i7:~L~7~.TL]2  (7 Ii2',U.iZ[IIII!:2CLI  i~-L 
-  ~-'- -"  ~ --'--  H--i-~----:--~---~----~  --.i .........  ~--.-4  ---';---~----i  .... 
Wig  i _.-___L___L~:,  _. i.~~  i_:. i 
'.  ~  ',  ;  '.  ',>,:  i  i  i  i-i--i-"-i-Y-i  ...............  .AT  __..  i--'.---~-..-~-...~--..~  ~~--  i~.'-- 
_  ~...,  ..............  ,~,-_.,,---!  ......  ,.___.,..__~.__,.__~.....,___~.._.,.._  ,_..., ........  ,___~-_.~ .... 
/i.  i  !~  i  i  ___,___,_.__,___,___,__..,___ 
/.z. tI  :  ',  9  .......  r-  -:---,----,  .....  , .......  !--'  --  '--  '  !  i  i  .~  i 
)[;i  r--,  -T-;---  ~-~T---?  --y-T--i-?  ...........  !---;  ---i---~---?----t----l----r  ---~ .... 
......  i---i---H---!-+-i---i--7  .... 
-, --  i  ---I .......  ,----,-,,---,----,---  #----i----~ ........  t---~----k---~-  --:---"----.  ---"---f  .... 
/iI~  ::  ! !  IK"  i  [  [  i  !  !  i  i  i  i  [_  i_..[._!___ 
-7 ~o i-  i -i ...... !~s~---i----~---,.~._..~  ................  ._.L_  i-T--r--  i--T---~ 7  i-  f 
FIG.  :2. 
We have repeatedly  confirmed the curve shown in Fig.  2.  After 
complete  thyroidectomy  there  is  invariably  a  marked  gradual  de- 
cline  in  the  catalytic  activity  of  the  blood.  This  varies  slightly 
in  extent,  and  at  times  several  days  may  elapse  after  removal  of 
the gland before  the change  occurs.  The  activity  of  the blood ex- 
hibits  no  tendency  to  increase  even  for  months  after  operation. 
Rabbit  No.  2r.--An  attempt  was  made  to  remove  the  entire  thyroid  but 
when  the  animal  was  sacrificed  over  a  month  later  a  piece  of  tissue  about  o..5 M.  C.  Winternitz  a~d J.  P.  Pratt.  119 
cm.  in  diameter,  found in  the  region  of  the  isthmus, proved  to  be  thyroid.  The 
alveoli  were  large;  their  epithelium  was  high,  and  in  places  was  slightly  folded 
toward  the lumen.  The  amount  of  colloid  seemed to  be  less  than  normal. 
Fig.  3  shows that  a  small piece of thyroid tissue  is  sufficient to 
prevent the  fall which follows total  removal of the gland.  While 
there was a  slight fall lasting during the first five days after opera- 
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tion, this was rapidly compensated and  the activity again  remained 
stationary at  practically the  normal  level. 
The  Influence  of  the Feeding  of  Thyroid  on  Thyroidectomized 
Rabbits. 
Rabbit  No.  43.--A  large  healthy  animal  showed,  following  removal  of  the 
thyroid,  a  marked  fall  in  the  catalase  of  the  blood.  It  likewise  manifested  the 
usual  changes  of  myxedema  which,  however,  rapidly  disappeared  when  thyroid 
was  given  by  mouth.  The  animal  became  lean  and  active  for  a  short  period. 
but  soon  after  the  feeding was  discontinued  it  relapsed  into  its  previous  lethar- 
gic  condition. 
Fig.  4  typifies the  results  obtained  when  thyroid extract  is  fed 
to thyroidectomized animals.  After the drop in the catalytic activ- 
ity of the blood  following the removal of the gland, the curve will 
again  rise  if  the  animal  be  fed  thyroid  extract,  but,  as  we  have 
repeatedly shown,  no  matter  how  much  of  the  gland  be  fed,  the 120  Catalytic  Activity  of  the  Blood. 
curve  will  rise  only  to  the  level  assumed  before  operation.  Even 
if the  drug be increased  to such  an  extent  that  the  animal  hecomes 
markedly  emaciated  and  nervous  and  has  a  severe  diarrhea,  the 
catah'tic  activity  of  its  blood  will  not  rise  higher  than  it  has  been 
FIG. 4. 
before removal of its thyroid.  The same result is obtained if iodo- 
thyrin  is  used  instead  of  thyroid  extract. 
What is the Effect of Feeding Thyroid Extract to Normal Rab- 
bits?--Fig.  5  shows  that  feeding  of  thyroid  extract  to  normal 
rabbits  is  entirely  without  effect  on  the  catalytic  activity  of  their 
blood.  This observation may be expected,  for even excessive feed- 
ing of animals  with the thyroid  removed  fails to  raise  the  catalytic 
activity of the blood above the  normal  level. 
There  is a  marked  fall in the  catalytic activity of the blood  fol- M.  C.  Winternitz  and  J.  P. Pratt.  121 
lowing  thyroidectomy.  This  decrease  is  permanent,  provided  the 
gland  has  been  entirely  removed,  but  if  a  portion  is  left  behind 
the fall will be less and will not be permanent.  If thyroid extract 
be fed to a  myxedematous rabbit the catalytic activity of the blood 
will  rise  to  the  level  it  had  before  the  thyroid  was  removed;  it 
will  remain  at  this  level  and  will  not  rise  higher,  regardless  of 
FIG.  5. 
the  amount of  thyroid  fed.  Likewise,  feeding thyroid extract  to 
normal  rabbits  is  without  effect on  the  catalytic activity  of  their 
blood. 
The Influence  of  the Spleeu  upon  the  Catalytic  Activity  of  the 
Blood.--In  a  series of six rabbits  from which the spleen had been 
removed, the results obtained were quite uniform. 
Rabbit  No.  5o.--Splenectomy. 122  Catalytic  Activity  of  the  Blood. 
Fig.  6  shows that  after removal of the  spleen there is a  gradual 
temporary  fall  in  the  catalytic  activity of  the  blood  which  reaches 
a  maximum  usually  within  a  week  after  operation;  in  another 
week the activity again rises to the level observed previous  to oper- 
ation.  In  some  instances  the  fall  may  not  be  so  great,  while  in 
others  it  may  be  more  marked,  and  in  some  instances,  after  the 
Fro. 6. 
fall,  there  may  be  a  rise  in  the  activity  to  a  level  several  points 
higher  than  it  has  been previous to  removal  of the  spleen. 
The tissues of the body apparently  adjust themselves to  the  loss 
of the  spleen  and  after  a  short  interval  succeed  in  preserving  the 
normal  catalytic activity of the  blood.  The  change  may resemble 
that  following unilateral  nephrectomy,  and  the  tissues  may  over- 
compensate  to  a  certain  degree;  the  power  of  the  blood  to  split 
hydrogen peroxide  may be greater  than  before the  removal  of  the 
gland. 
The Influence  of  the  Testicles  and  Ovaries  Upon  the  Catalytic 
Activity  of  the  Blood.--Sinee  the  results  of  removal  of  testicles M.  C.  Winter~itz  and  J.  P.  Pratt.  123 
and  ovaries  have  been almost  identical,  it  will be sufficient  to  con- 
sider  them  together.  The  results  have  not  been  quite  uniform. 
In  all,  twelve  animals  were  used  for  the  experiments  on  these 
organs.  The  experiments  divide  themselves  into  the  following 
groups:  (a)  In  three  instances  (castration  twice,  ovariectomy 
once)  there was absolutely no change in the catalytic activity of the 
blood.  The  animals  remained  normal  in  appearance.  (b)  In  all 
of the  other cases  following castration  or ovariectomy there  was a 
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fall in the catalytic activity of the blood, which began within  forty- 
eight hours after operation and continued during  from seven to ten 
days,  when  there  was  again  a  compensation.  In  most  instances 
this  compensation  was  complete,  while  in  one  there  was  a  slight 
overproduction,  so that  the  catalytic  activity was ultimately higher 
than it had been previous to operation; in two instances the compen- 
sation  was  not  complete  and  left  the  power  of  the  blood to  split 
hydrogen  peroxide  slightly  less  than  it  had  been  normally. 
Fig. 8 exhibits typically the result of the majority of experiments. 
It  shows  the  initial  fall  in  the  catalytic  activity  of  the  blood  fol- 1124  Catalytic  Activity  of  the  Blood. 
lowing  ovariectomy  and  shows  the  gradual  rise  in  this  action  to 
about  the  primary  level. 
Hardly  any  discussion  of  this  phenomenon  is  necessary,  since 
here the explanation  given  for the changes  in the  catalytic activity 
of the  blood  following splenectomy seems  entirely  satisfactory. 
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FIG.  8. 
The Influence of the Liver on the Catalytic Activity of the Blood. 
--In  this  instance the only procedure which  was  found at  all  satis- 
factory  was  the  removal  at  successive stages  of  different  lobes  of 
the  liver. 4  In  four  instances,  between  3o  and  35  grams  of  liver 
were removed at the first operation.  This had  absolutely no effect 
upon  the  catalytic  activity of  the  blood.  In  one  of  these  animals 
35  grams  were removed at a  second operation  (see Fig.  9).  Here 
again  the  blood  retained  its  normal  activity.  We  were  unable 
to  remove successfully more liver  tissue  and  keep the  animal  alive 
for any length  of time.  However, in one animal  where all but one 
small  lobe was removed there was no change  in the activity during 
ten  hours  before  death. 
4We  are  indebted  to  Dr.  F.  Ainley,  of  the  obstetrical  service,  who  kindly 
performed  these  operations  for  us. M.  C.  Winternitz  and  J.  P.  Pratt.  125 
Rabbit  No.  54.--This  animal  withstood  removal  of  two  large  lobes  of  the 
liver,  but  succumbed  to  the  third  opcration.  At  autopsy  40  grams  of  liver 
were  found. 
The striking feature of the curve shown in Fig. 9 is its constancy. 
There is no material change in the catalytic activity of the blood on 
removal  of  large  parts  of  the  liver.  \Vhether  this  absence  of 
change  is  due  to  rapid  compensation  by other  tissues  of the  body, 
or whether  the liver has  no  influence on  the  catalytic action  of the 
blood, we are unable to say.  At any rate,  we must  remember that 
here  only a  part  of the  liver  was  removed,  whereas  in  the  experi- 
lnents  of  Battelli  and  Stern  the  entire  liver  of  frogs was  removed 
and  the  entire  liver  of  guinea-pigs  was  affected  by  phosphorous 
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poisoning.  It will be recalled that in these experiments Battelli and 
Stern  found an increase in the catalytic activity of the blood and  of 
other  tissues. 
The  Influence  o[  the  Adrenal  on  the  Ccbtalytic  Activity  of  the 
Blood.--The  removal  of  one  adrenal  gland  is  without  effect upon 
the catalytic activity of the blood.  The  removal of both glands  is 
so unsatisfactory  that  we  can  only  give  the  result  of  our  experi- 
ments  without  drawing  any  definite  conclusions.  Of  six  animals, 126  Catalytic  Activity  of  the  Blood. 
where  both  adrenals  were  removed  at  the  same  operation,  four 
died  within  a  few  hours.  One  lived  for  ten  days  and  was  then 
found  disemboweled.  On  examination,  the  wound  showed  only 
the  faintest signs  of healing.  (It  seems  worthy of  note  that  the 
same  result  was  obtained  in  another  animal  where  one  adrenaI 
was  removed  at  two  successive  operations.)  The  other  lived  for 
twenty-three  days  and  was  tlnen  sacrificed  to  see  whether  any 
adrenal  tissue  was  present.  None  could  be  found.  In  both  of 
these  cases  there  was  no  change  in  the  catalytic  activity  of  the 
blood.  In  two  other  instances,  however,  although  there  was  no 
fall in the catalytic activity after the removal of one adrenal, there 
was  in  both  experiments  a  decided  decline  of  catalytic  activity 
after  the  removal  of  the  second. 
CONCLUSIONS. 
I.  Kidney.--After  repeated  removal of relatively large portions 
of renal tissue, when only one-eighth of the entire renal tissue re- 
mains, the catalase of the blood will show a  normal activity if the 
part remaining functions actively.  We expect therefore in hmnan 
cases no change in this activity, even with advanced hydronephrosis, 
etc., as long as a  small part of actively functioning renal tissue re- 
mains. 
2.  Thyroid.--There  is a marked decrease in the catalytic activity 
of the blood following thyroideetomy.  This decrease is permanent 
provided the gland has been  entirely removed, but  if even  a  small 
portion be left behind, the activity, although falling slightly at first, 
will  soon  reach  the  normal level again. 
If thyroid extract be fed to a rabbit in which the catalytic activity 
of the blood has been reduced by complete thyroidectomy, this activ- 
ity will  rapidly rise  to  the  level  it  had  before  operation,  but  will 
rise  no  higher.  Likewise,  if  thyroid  extract  be  fed  to  a  normal 
rabbit it will be entirely without effect on the catalase of the blood. 
3.  Spleen,  Ovaries,  Testicles.--After  removal  of  any  of  these 
organs, there is, as a  rule, a  temporary decrease in the catalytic ac- 
tivity of the blood, which usually reaches a maximum within a week 
and  later  ceases  entirely,  allowing  the  curve  of  activity  of  the 
blood to assume again its  normal level within  from ten  to  twenty 
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4.  Liver.--Removal  of  relatively  large  portions  of  liver  tissue 
is  without  effect upon  the  catalase  of  the  blood. 
5.  Adre~zal.--Removal of one adrenal  has no effect upon the eat- 
alase  of the  blood.  In  two  instances  where  the  animals  survived 
double adrenalectomy  for  any  length  of  time  the  same  result  was 
obtained.  In two other experiments  where the second adrenal  was 
removed some time after the first, there was a  fall in the catalase of 
the  blood. 
\Ve can support Battelli and  Stern  in their  opinion  that  the cata- 
lase is not found in a  single tissue but is produced by various tissues 
which  have  the  power of  supporting  each  other  in  preserving  the 
high  catalytic  activity  of  the  blood.  (See  spleen,  testicles,  etc., 
above.)  They  further  conclude that  the catalase  does not play an 
essential  rgle  in  the  specific  function  of one  tissue,  but that  it  ful- 
fills  a  general  function  in which  all  the  organs  are  interested. 
We  may  add  that  after  suppression  of  the  function  of  the 
thyroid  there  is  a  decline  in  the  catalase  of  the  blood,  and  after 
suppression  of the  function of the kidneys, there  is a  decline in the 
activity of the blood and tissues, which is not compensated.  In the 
case of the kidney, we know that  the organ  itself is not  responsible 
for the decrease, since the same result is obtained when the ureters 
are tied.  With the thyroid the problem is more complex.  I'c does 
not  seem probable that  the  enzyme  is  formed  to  any  extent  in  the 
gland,  since the latter has only a  slight capacity for splitting hydro- 
gen  peroxide;  that  the  gland  is  intimately  concerned  in  preserving 
the  high  activity  of  the  blood  is  unquestionable  and  has  interest 
especially in the light  of the  influence this  gland  has  upon physical 
and mental  activity. 